Abstract. In the study of climate change impact on grain yield, HP filtering decomposition of HP filter has certain advantages in long time series trend yield fitting process, but HP filtering method can't reflect very well the absolute influence of climate change on the yield. This paper taking Gansu Province as an example, based on the HP filtering method, uses the Baier yield model to calculate the climate yield. The study found that this method can overcome the drawbacks of using HP filter alone, and made the climate yield calculation method reflect the impact of climate change on potato yield more realistically.
Introduction
Under the background of climate change, climate change has had a profound impact on crop production [1] . In the observation and statistical study of the relationship between crop yield and climatic factors in long time series, the yield of crop is divided into 3 parts: trend yield, climate yield and random error.
Wang Yuan et al. [2] expressed directly the climatic yield as the product of technology output and climate impact factor, considering the main climatic elements which affect the grain yield, but when fitting the trend yield of time series by using linear fitting will lead to the result is not accurate enough. Guizhi Wang et al [3] use HP filter to separate the grain yield, compared with other methods, the HP filter has certain advantages [4] , but it does not reflect the absolute impact of climate change on grain yield. Considering the advantages and disadvantages of two methods, this paper proposes a method based on HP filter and Baier method to calculate the climate yield model, and use this method to estimate the climatic yield of potato in Gansu province.
HP Filtering Method
HP filtering technique hypothesis output consists of two parts: long-term trend component and short-term fluctuation component, it can be seen as an approximation of the high pass filter , which can be separated from the high-frequency components of the cycle below 8a [5] .
ΔY is the random noise, the calculation will not be considered. So from the yield fluctuation, grain yield of low frequency waves that (Y t ) and high frequency (Y w ) of two kinds of components, can be separated by HP filter. Set grain yield sequence is {d t } (t = 1,2,…,n), g t is one of the long-term trend components, c t is short-term volatile component.
g t is defined as the solution of the following minimization problem: 
Through the above formula we can get: d-g=λ . And then available:
HP filtering method is the most controversial point lies in the selection of parameter λ [6] , according to the research experience, the reference value of λ selection is: λ= {
100
Annual data 1600 Quarterly data 14400 Monthly data (6) According to the principle of HP filtering, Yt is the sample sequence of grain yield; gt is a series of fitting values, which in this paper is the fitted grain yield trend value Yt, which is used to explain the grain yield change caused by social science and technology change. The component Ct is the residual value of the grain yield after deducting the trend value in each year, which is the required climate yield Yw.
The problem of this method is that in the HP filtering method, the smoothing weight or initial value chosen when separating the trend yield is obtained from subjective judgment and the HP filter is sensitive to the length of the sample data, and the result is biased, which is not conducive to correctly assess the impact of climate change on crop yield.
Improved Method
Reference on Baier yield model, the actual yield per year can be seen as a correction to the trend yield of the weather conditions in the context of a certain trend; climate impact factors can be introduced to describe the impact of climate factors on crop yield. Climate yield can be expressed as the product of technical and climatic impact factors:
In the formula, α is the climate influence factor, which can be considered as the main factor related to climate under the similar technical condition. At this time, we can get the following formula (1) and (7):
HP Filtering for Separating Trend Yield
The equation for the HP filtering method is
In the formula, F is (4) in the coefficient matrix, I for the unit matrix, t for time series, y for the calendar year actual production. HP filtering was performed using software Eviews6.0. In this paper, the data for the annual data, select the parameter = 100.
Identify Main Climate Factors and Benchmark Period
The main climate elements must first have a stable correlation with crop yield, so using the regression method to determine the effects of climate factors is meaningful. In this paper, the sliding correlation coefficient between climatic factors and crop yield is calculated in 30a.
In the same technical conditions , within a certain period of time of long-term trends of major climatic factor influencing crop yield is not obvious and the fluctuation of yield and climatic factors was stable and high correlation, we determine the time for the baseline, think that the climate yield of this period can be calculated directly by regression method.
Calculate Climate Yield
A baseline period should be established for each different technical condition. The climate impact factor for each non-baseline period of different technical conditions may be calculated as follows:
In the formula, x is the main climatic factor. According to the climate impact factor and climate factor calculated in the baseline period, the least square method is used to calculate the coefficients of the equation a, b, c, put into the corresponding climatic impact factors in the non-baseline period (10) type can be obtained to climate factors, thus the use of (8) type can be obtained by the annual climate yield.
Comparison of the Two Methods
This paper takes Gansu Province as an example to carry on the research. The main crops in Gansu like warm, cool and winter crops, after 1986 the temperature continued to rise in the in the province, the impact of this warming cannot be ignored [7] . In this paper, the main crop potato in Gansu was selected as the research object, the application of different algorithms to calculate the yield of potato in recent 30 years, and compared. According to the data of Gansu province and compared.
Improvement of Climatic Yield of Potato in Gansu Province
The results showed that only the correlation coefficient between temperature and potato yield was tested by the significance level of 0.05, and the temperature is more stable than other climatic factors. According to Wang Heling's [8] study on the response of Gansu potato to climate change, potato was sensitive to temperature change. The high temperature in summer was the main limiting factor of potato growth and yield formation. Fig.1 is the change curve of the potato yield. Using the Mann-Kendall method [9] calculate the mutation years, the calculation results for 1996. Respectively, before and after the mutation year after the selection of the highest correlation between meteorological factors, the climate change trend is not obvious as the benchmark period, the calculation results as shown in table 1 .
From the table 1 shows that the main climatic factors for the temperature. The correlation coefficients between the two periods of temperature and the yield of potato were higher, so the benchmark period was 1982-1991 years before the mutation year; the benchmark period was 1997-2006 years after the mutation year. The above two periods are used as the reference period to calculate the climate impact factor. Using the calculation method presented in this paper, the resulting regression equations are shown in table 2. By using the equation in table2 and the corresponding meteorological elements T, we can calculate the climate impact factor of the non-baseline period, and use the (8) formula to get the climatic yield of potato in Gansu region. 
Comparison of the Two Methods
From Fig. 2 , the climate yields calculated by these two methods are significantly different after 2006, and we try to analyze which method is more accurate to reflect the impact of climate on potato yield. Temperature on the growth and development of potatoes has a great impact and the most suitable average temperature during the growth period is 16 ~ 21 ℃ is appropriate. From the point of view of the temperature change in Gansu Province, although after 90s showed a trend of continuous warming, there is no large fluctuation in temperature in the appropriate temperature range of potato, which has a positive effect on the stability of the potato.
From Fig.2 , we can see that the climate yield fluctuation obtained by HP filter is larger; the reason for this is that the HP filter to deal with the tail of the sample data is not accurate, and resulting climate yields are biased at the beginning and end of the time series. The application of the improved method can avoid this kind of situation, and can be seen from Fig.2 , the fluctuation range of climate yield calculated by the improved method is relatively flat, which is consistent with the actual situation of climate which is consistent with the actual situation of climate change, and correctly reflects the impact of climate change on grain yield.
Conclusion and Discussion
In the study of the relationship between grain yield and climate change in the long time series, it is very important to separate the trend yield and get the accurate climate yield. In this paper, the climate yield calculation method combines the advantages and disadvantages of HP filtering and Baier yield model, considering the influence of climatic and non-climatic factors on climatic yield, so the calculated climatic yield can well reflect the trend of social development, but also accurately reflects the impact of climate change on grain yield fluctuation. The climate yield calculated by the improved method is more objective to reflect the impact of climate change on grain yield and is more accurate and consistent with the actual climate yield calculation method.
